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Abstract—In the last years some infrastructures and frame- work. OsMoSys is the name of both a modeling methodology
works have been proposed to enable the compositional devel-and a software framework aimed at the integration and inter-
opment of multiformalism models. This effort requires proper operability of different modeling and analysis techniqaes

techniques and tools to guarantee generality and flexibilit when . ST
combining multiple solvers and results obtained from the aalysis tools [21], [12]. DrawNET is an autoconfiguring GUI for the

of such models. The OsMoSys/DrawNET framework allows to development of multiformalism models at the user’s leva][1
develop and analyze complex performability models which & The basis for the tool configurability is a metaformalism
composed by several submodels expressed by means of difftre ysed to define the elements of any formalism a user may
formal languages. In this paper we describe the approach to - \yant t9 yse. DrawNET allows to implement all the features
tisolution of multiformalism models in the OsMoSys/DrawNET . .
framework and we introduce the mechanisms used to define the of the QsMoSys modellmg methodology and provides both
performance indices and generate the required results. a graphical representation and an XML (eXtended Markup

A raid system is used to exemplify the solution process of a Language) based description of the models. In the following
performability model from its creation to the analysis and the we refer to the framework resulting from the integration of
presentation of the results to the final user. OsMoSys and DrawNET.

The paper is organized as follows. Section Il provides a
discussion about the related work. A Redundant Array of dnex

Modern industrial systems are built up of heterogeneopsnsive Disks (RAID) system is proposed as a running exam-
components which interact to perform the required taskgungble in Section Ill. Section IV presents the OsMoSys/DrawNET
real time and dependability or safety constraints. Theeiasr approach to multisolution: the concept of orchestratiomis
ing complexity of such systems requires the availability dfoduced and its application to the interaction of both ntiode
proper methods and techniques for their specification aatl artechniques and analysis/simulation tools is describede Th
ysis. To cope with complexity, multiformalism approaches amechanisms used to handle performance indices and results
emerging that allow to combine multiple modeling methods the multisolution environment are defined in Section V.
into an unified framework, in order to enable the composé#ionFinally Section VI contains some closing remarks.
development of models without imposing a-priori what types
of formalisms would be used by the designer (e.g. see [6], [7] Il. RELATED WORK
[21]). In multiformalism modeling each system componentto A few years ago, multisolution tools were required to
be represented may be expressed through the most suitgstevide several solution methods for solving models exquéds
formalism, and proper infrastructures should be available through a specification language. The research progrebgin t
support multiple interacting formalisms and solvers. Offie field of system modeling and analysis led to the evolution
the challenge when exploiting multiformalism is to guassnt of multisolution approaches due first to the compositional
the generality and the flexibility required to solve the tesg and hierarchical nature of complex models and then to the
models and to combine multiple solvers and results. In thisultiformalism modeling approaches developed to cope with
paper we address the problems that arise when handling the increasing complexity of systems.
indices defined by the user on a multiformalism model if a The emerging research field of Computer Automated Mul-
very general approach to multisolution is adopted that do¢s tiparadigm Modeling (CAMPaM) [13] is trying to combine
bring back the various formalisms to a common semantics together the notions ofultiformalism modelingand meta-
interface. We introduce an original approach to multidolut modeling These modeling methodologies allow to face some
that has been implemented in the OsMoSys/DrawNET frama-the modeling problems of complex, heterogeneous sytems

|I. INTRODUCTION



by coupling each modeling aspect with the best suitabi@nsforms the user's models into a (common) abstract Petri
formalism. In addition, a way to achieve flexibility for aNet notation. CADP [8] is a toolbox for protocol engineering
modeling language to support many formalisms is to modklis more domain oriented and it allows to write protocol
the language itself with some meta-modeling methodologspecifications written by means of different languagesdkpt
Since these methodologies are emerging, it is necessarylL&beled Transition Systems, SDLCRL, UML Real Time)
face with all problems related to multiformalism modelingand provides several tools for simulation, verification by
in respect of the solution phase of this kind of models, bgquivalence/preorder checking, temporal logic model kingc
allowing solution tools to interact in order to automatigal and test generation.
solve complex multiformalism models. Another example of toolbox is the MODEST modeling
Consequently, a more general notion of multisolution i®ol for reliability and performance analysis of embedded
emerged that is the possibility of using more interactingystems [3]. It implements a singleformalism multisolatio
solution techniques and tools to analyze models consistingapproach since MODEST is a process algebra used as an over-
heterogeneous submodels, i.e. models obtained by congposirching notation for different model types (ordinary firdate
parts that may be expressed through multiple interactisggitomata, timed automata, discrete event stochastic gsesg
formalisms. Markov Decision Processes, etc.). The MODEST tool allows
Efforts made to integrate multiple formalisms and solutiodifferent external tools to cooperate. The external tooks a
methods within an unified framework have produced sonietegrated into the environment by developing proper amtapt
important results. SHARPE and SMART are software toolsodules calledsatellite modulesin [9] the authors say to
that can be considered a first step towards the developmenhafe implemented a satellite module to translate MODEST
multiformalism multisolution frameworks. specifications into the Abstract Functional Interface aftiis
SMART [4], [5] integrates Stochastic Petri Nets, Discretén order to incorporate MODEST as a new atomic model
Time and Continuous-Time Markov Chains in a single modpecification formalism.
eling study for reliability and timing analysis. Submodal®  |n this paper we propose an approach to multisolution based
solved using different solution techniques, including ®tM on the concept of orchestration and on the development of a
ical methods and simulation, and they may exchange resug of XML-based languages. The proposed approach has been
through fixed point iterations. SHARPE [16], [18] is a toot fointegrated in OsMoSys and in the DrawNET tool. OsMoSys
reliability and performability analysis. It allows to comle consists of a modeling methodology to build multiformalism
different model types (e.g. Fault Tree, Generalized Ststiha models and an open architecture for the integration of Eiut
Petri Nets, Product Form Queuing Network, Markov Genefechniques and tools. The architecture of OsMoSys has some
ative Process, etc.) and it provides flexible mechanisms f@éints of contact with MODEST: tools are integrated into the
combining results so that models can also be developed fymework by means of proper wrappers calfethptersand a
using hierarchical composition. core module is in charge of executing the steps needed te solv
Mbbius [6], [17] takes a more general approach thaghd analyze the models. Nevertheless the OsMoSys approach
SMART and SHARPE, providing an extensible infrastruco multisolution is more general: it allows very different
ture to support multiple interacting modeling formalismsolution techniques and tools to cooperate if the semantics
and solvers without presupposing what formalisms would g the their integration has been defined. The core module is a
considered and what methods would be used to combigerkflow engine [12] that takes as inputs a model description
submodels. Nevertheless, formalisms have to be compatifid the user definition of the performability indices geteta
with the framework since the user’'s models are translatgy DrawNET, and executes the steps needed to produce the
into equivalent models using Mobius framework componentgsults according to an algorithm that implements the irateg
Models and solution techniques interact with one anothgbn semantics. This requires that proper mechanisms ansl to
through an Abstract Functional Interface, allowing them tgre defined and implemented to enable the communication
interact with the framework components. Mobius is acfualbetween the user level in which the indices are expressed and
oriented to the application of solution methods based on the OsMoSys level in which the results must be evaluated.
generation of (all or some of) the possible evolutions of the
model in its state space. I1l. A RAID C ASE STUDY
A completely different solution is implemented by the
DEDS and CADP toolboxes. They are "toolbox” by the sense This Section introduces a running example that will be used
of combining various tools and interfaces. throughout the paper to describe the approach to multisolut
The DEDS toolbox [2] is oriented to the construction oin the OsMoSys/DrawNET framework. At this aim we have
modular tools for functional and performance analysis @hosen a simplified Raid level 5 system. Raid Systems [14]
Discrete Event Dynamic Systems. The main components ae high performance secondary storage systems which are
the toolbox are a GUI and various analysis programs théésigned to be fault-tolerant by storing redundant data on
cooperate via a textual interface. The GUI allows to use aedtra disks. The redundancy can be achieved by providing
combine different modeling formalisms (Queuing Networksn identical copy of each disknjrroring) or by means of a
Generalized Stochastic Petri Nets, Coloured Petri Netd)itan parity disk



The simplified architecture we have adopted in this paper
uses parity and can tolerate one disk failure [10]. The syste
may be in three different states:
a) Ok (the system is working), bDegraded(the system is Fulstipe
working despite of one disk failure) and Dead (the system Fawxor
is not working since two or three disk failures have occuyred /W©<|W
—

Two controllers are the core of the system: the disk array " Rt O
controller which enqueues the service requests (read aite wr [ e |%—Qﬁ¥@—>|,§jé}]~@—ly
operations) and redirects them to the disk array, and the o
controller located on the physical disk array machine. s T s -
We want to build a performability model of this system 9
that allows to evaluate the mean response time of read and s R
write operations (RWMRT) while the system is in the state
Ok or Degraded Thus qualitative and quantitative aspects of
the system must be considered. A multiformalism approach
to the modeling of this system allows to cope with this

requirement and also promotes a compositional approach by e aeoremm
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using reusable submodels. In this case the RWMRT can be e ae-osisoo
evaluated by solving a model of the system consisting of
three queues, expressed by means of the Queuing Network Fig. 2. GSPN,pcr model of the RAID system

(QN) formalism and augmented by information obtained by
solving two Fault-Trees (FT) submodels and two Generalized
Stochastic Petri Nets (GSPN) submodels. FTs are usedatong the three disks of the array during a write operatid.[1
evaluate the probabilities of thBegradedand Dead states, Write operations may write a full stripe (top of Fig.2) or yhe
GSPNs are used to evaluate the service time of the disk arragly be small stripe operations that only write a part of the
controller. full stripe (middle of Fig.2).

In the following FTprap and FTprgr denote the FT  During a full stripe write, the parity data are evaluated
models used to evaluate the reliability of the disk arrapé&ad (transition F'SW Xor) and the whole stripe (with parity) is
or Degradedstate respectively. They require that the mean tinveritten on the array. Since the array ishregradedstate, one
between failures (MTBF) of the disks is knowRTpg4p is  of the write operation fails and the full stripe write ends.
shown in Fig.1. The occurrence of the failure represented byTo perform a small stripe write it is necessary to distinguis
if the damaged disk is the disk on which the small stripe has to
be written (transitionDskErr) or the other disks (transition
OthDskErr). Then read operations on the other disks are
performed in order to evaluate the parity and to write the new
stripe on the array. Full stripe writes have an higher ragam th
small stripe writes due to the caching mechanism embedded
on the array. For the same reasons, only full stripe reads are
performed on the arrayréad) and, in theDegradedstate a
recover operation is ever needed to accomplish read tasks

(ReadErrRecov). The throughput of the transitiodync
represents the mean number of read and write operations
Fig. 1. FTpgap Fault Tree model of the RAID system performed by the system working in tti@egradedstate. For

brevity's sake we omit to descril@SPN, k.
the top event TEdeadepends on the probability that at least To evaluate the queuing effects on read and write operations
two over three disks fail. Theasic events DiskIDisk2 and three simple QNs can be used.
Disk3 are parametrized by using the MTBF of the disks. For QNconTr is the QN that describes the behavior of the
brevity's sake we omit to descrid€Tpgar. disk array controllerQNox and QNbecr are the QNs that
Analogously,GSPN,x andGSPN,gcr denote the GSPN describe the behavior of the controller located on the paysi
models used to evaluate the service time of the controlter @isk array machine in th©®k andDegradedstate respectively.
Ok or Degradedstate respectively) that in turn depends on the Of course theDead state does not need a queue to be
algorithms used in read and write operations. described since no activity is performed on the system when
GSPN>ggr is shown in Fig.2. It describes the behavior oft is unavailable.
the raid system while it is working in Begradedstate (i.e. Experimental data on read and write operation are used
with one disk failure). Write (read) operations are modethea to tune the queues. The request arrivals are supposed to be
the top and middle part (bottom) of the figure. Data are stripelistributed as a Poissonian process so that the three queues



may be approximated by M/M/1 queues. to introduce different modeling formalisms (PNs, FTs, QNs,
To obtain the RWMRT of the system, the mean of thetc.) in the framework. In more details FDL defines:

distribution evaluated b@Nconr is corrected by using the o E: the set ofelement typesy which the formalism

probabilities of having a degraded or a full working system s composed. For example in the case of PRs=

from the results of the analysis B ppcr andFTpeap. The {place, transition, arc}.

resulting distributions model the request arrivalsidprcr o« Prppr: the set of properties that can be associated to

and QNox whose service times are assigned by using the the various elements. For examgieken, weights and

inverse of the throughput of th&ync transitions ofGSPN, i priorities.

andGSPN> o r respectively. « A set of relations that couple elements, properties and
Thus a complete performability model of the system con- their types sets (i.&eal, String, Integer etc.).

sists of a composition of different submodels. The semantic 5 Model Meta-Classis a modeling formalism expressed

of this composition requires exchanges of informationults} py means of the above mentioned primitives.

between the submodels in order to obtain the automateds pjodel Classmust be compliant with a Model Meta-Class

solution of the RAID model. and describes a family of models having the same structure
A more complex case study could require to model differegkpressed by means of the primitives of its Model Meta-Class

QN policies that are heavy to model by GSPN. In this cageModel Class may have an interface consisting of a subsets

the features of the OsMoSys/DrawNET framework would bg¥ jts elements. A Model Class is not a concrete entity and it

better exploited but a simple case study helps to illustifate myst be instantiated to obtain a concrete model, called Mode

steps needed when using the framework. Object.
Let us introduceBridge Formalisms. A Bridge Formalism
IV. THE OSMOSYS/DRAWNET APPROACH TO is defined by means of the FDL, too: it is a Model Meta-Class
MULTISOLUTION whose aim is to allow the development of models composed

The RAID model discussed in Section Il needs adequa® heterogeneous submodels. Fig. 3 shows the final model of
means to be effectively solved in an automated way, sintte RAID example presented in Section lIl.
many steps have to be performed in the right order and a flow
of data must be controlled to obtain the required results. In [rroese | ] avor
this Section we introduce the OsMoSys/DrawNET approach to

multisolution that is based on the conceptosEhestration.
Orchestration is the arrangement and/or control of het-
erogeneous and autonomous entities that must cooperate to
achieve a common goal. In computer science orchestration
describes how applications and services can interactjdirad
the business logic and execution order of the interactidhis.
allows to facilitate the construction of composite appiimas

Fig. 3. The Raid Model

This model is built by defining a Bridge Formalism which

ftw A inaful f orch om £ Heows to compose FTs, GSPNs and QNs submodels. In the
software components. A meaningful case of orchestratum rﬁgure the squares encapsulate the Model Classes, i.e. the

the IT field is given by Web Services composition [15] Whic@ubmodels. The RAID model consists of seven submodels
require_s that proper workflow Ianguages and execution esgi%ccording to the description given in Section llI; they dész
are defined and dgveloped fo describe f.ind execute a pm%ei;seneric behaviour and must be instantiated by assigning
flow between services, controlled by a single par_ty. _ values to the submodels parameters to obtain the model of
The OsMoSys/Dr_awNET apprpach copes with muIUsa(i real system to analyz&Tppap, FTprcr, GSPNok,
Iqtlop by (.)rchestratlon_of. modeling _technllques and analtSPI\bEGR, ONox, ONprcr, and QNeonrr are Model
sis/simulation tools. This is accomplished in two stages "Blasses compliant with their own Meta-Classes (FT, GSPN
spectively, described in the next two subsections. and QN).

The rhombuses in Fig. 3 represent Bridge Operators. They
implement the semantics of the connections between submod-
The OsMoSys/DrawNET framework is based on metals. The arcs linking a Bridge Operator to a Model Class are
modeling and object orientation concepts that allow comngennected to proper elements of the Model Class that belong
positionality and extendibility in the modeling processeT to its interface. In Fig. 3 two types of operator are used: a

underlying modeling methodology is introduced in [21].dt i Bridge Operator between FT and QN submodé1§' QN)
centered on the definitions Meta-FormalismsModel Meta- and a Bridge Operator between QN and GSPN submodels
Classesand Model Classes (GSPN — Q@N).

A Meta-Formalism is a language used to describe for- The example shows that a composed multi-formalism model
malisms, in particular the Formalism Definition Languagbas a graph based structure whose nodes are submodels. The
(FDL) is the Meta-Formalism that defines the primitives usemberators represent the semantics of the connections &etwe

A. Bridge Formalisms and Bridge Operators



submodels. The séf of a Bridge Formalismcontains Bridge  3) calculate the inverse of this throughput;
Operators, arcs, submodels and references to the interfacé) instantiate th&) Nprcr (@ Nox) model by assigning
elements of the Model Classes whose objects must be con- to the service time the resulting value.

nected. Consequently, a Bridge Formalism must be definedrpe finjte, ordered sequence of steps needed to analyze
according to: a) the combination of Model Meta-Classes thge entire model can be considered an algorithm which is
user want to use in building a multi-formalism model; b) thgyressed by means of a proper workflow language and whose
set of interface elements; c) the set of the available opeyatgyacytion is a process namsdlution process The processor
allowing the interaction between models expressed by meafife to execute a solution process is a workflow engine. In

of the specified Model Meta-Classes. Fig. 5 the resulting architecture of the OsMoSys/DraNET
Fig. 4 illustrates the connections between & — QN  famework is sketched.

operator and the queues modeling the behaviour of the con-
trollers. Notice that this composition is not a queuing rety

The connections with the FTs Model Classes are shadowed GUI
and represented by the dashed square and the related arc. £ (Drawnet++)

The Bridge Operator is an element type belonging to the =
setE of the Bridge Formalism. The FDL allows to associate C —
to each operator and to each arc a set of properties (belpngin |
to Prpr) which are the information needed to implementthe = & — — — I
semantics of the interaction between the submodels. In4rig. Workflow
the operatof™"T'— QN acts as a function which has three input Engine gj
parameters, one of them fro@Nc-onTr (this information is
a property of the arc from the queue to the operator) and  — |7 —_— — il il
two output parameters, one ®Nox and one toQNprar —1
(defined by the properties of the two output arcs). The output ndapter '—
parameters are calculated by the operator using the ingunt fr {
QNconTr and the probabilitiea; andas resulting from the y s s
analysis ofFTpzap andFTprcr respectively. = | - = i

— — Result Analysis/simulation

| | Manager Tools
FT models

Fig. 5. Architecture of the OsMoSys/DrawNET framework

QN_Contr

s ST

Fig. 4. The QN-FT Bridge Operator of the RAID model

The Analysis/Simulation Tools are the solvers involved in
the solution processes. They can be processed on different
machines and their execution is requested by the workflow

In the development stage of a system models, the Bridgggine. The Adapters integrate the solvers into the framewo
Formalisms are languages which define the interactions #@nslating input and output formats to an intermediate (XM
tween the submodels, the routing of the information thattmuotation in order to allow the data exchange among different
be implemented and the operations that must be perfornféivers.
in order to orchestrate different modeling formalism and Pre-processors (Pre-Proc in Fig.5) are software tools,used
techniques. The graphical representation of a composeeéImd#it is necessary, to translate the OsMoSys model desoripti
obtained by means of a Bridge Formalisms is compiled by tf@ different formats. Post-Processors (post-Proc in Figré
DrawNET tool that generates a textual XML based definitiopimilar to Pre-processors. The only difference is that they
of the model, including the information provided by the Byid usedduring the solution process if some transformation is
Operators and arcs. This textual definition of the model eslusneeded in order to compose and elaborate submodels to build

in the solution stage. a new intermediate model. The Result Manager is a software
. application in charge of processing intermediate resuits t
B. Orchestration of solvers calculate the results requested by the user. It also allaiitis,

The automated solution and analysis of a multiformalisthe aid of thelnstancer to instantiate a (sub)modeluring
model is an hard task since it requires that a flow of data atitk solution process if it is necessary (e.g. the QN subnsodel
activities is controlled according to a well defined seqeenfc  have to be instantiated after that the values of the sergites r
steps. Let us consider the interactions between the GSPN aig available). The Result Manager will be briefly introdilice
QN Model Class in the RAID example on the right of Fig. 3later, in Section V-B.

The semantics of the connections require to: The Solution Process Definition Language (SPDL)is an
1) solve theGSPNppcr (GSPNoxk) model; XML-based workflow language developed to orchestrate the
2) retrieve the throughput of th€ync transition; solvers. It enables task-sharing for a distributed conmguti



¢) Multiple Choice The Choice operator can activate one
or more outgoing transitions, depending on the value of the
associated conditions.
d) Multiple Merge The pattern merges many execution
paths without synchronizing. The transition and t, are
not simultaneously activated. is executed two times, one
for each activation of the incoming transition of tidderge
operator
d) Discriminator. The pattern merges many execution paths
without synchronization but’ is executed only once.
e) N —out — of — M Join: The N — out — of — M Join
operator performs partial synchronization over incoming
transitions. The activityd is executed only once after that
the synchronization has occurred.
f) Arbitrary Cycles This pattern is used to describe loops.
by a combination of analysis/simulation tools. Using SPDI:rhe sequence of .aCt'V't'e&B is repeated depending on the
; ) . . Value of the conditiong; andcs.
a solution process is formally described that will take plac
across a set of solvers in such a way that any cooperatingb\

) . SPDL solution process starts by a declarative section.
entity can perform one or more steps in the process the same ; . . :
e basic elements involved in a solution process that must

way. E‘Z declared by its SPDL definition are:

SPDL allows to ‘?'ef'f‘e an executable solution process rticipant Application Variable Activity, Condition and
enabling: a) the activation of a tool or solver, b) data nogti Transition

among applications during _the solution process, and c) theA Participant is a physical node where Applications are
definition of complex execution patterns. o executed. Its definition provides the information needed to
The first point is needed to perform the instantiation and th@equle and invoke the execution of an application.
execution of an applica_tion during the solution processe Th ap Application represents a tool, solver or framework
language allows to define the parameters needed (o INVQkKG,,onent that can be invoked and executed on a Participant
applications and the names and the paths of input/outpst file, 11 ed in the solution process. Usually applicationsdeee
The second point is needed to provide the right input daarameters and input files in order to be executed. They must
to each application before its execution. also be defined aBormal parameterdor applications in the
The last point is needed since applications have to be @PDL declarative section. When an application is invoked
chestrated according to execution path involving the dedimi inside the solution process, each formal parameter must be
of non-trivial data path. At the state, SPDL supports theplaced by the related actual parameter.
patterns reported in Fig. 6. They refers to the patterns @efin variables are used to store process data when needed. Usual
in [19], [20]. programming language types can be associated to variables:
In the figure, circles represemictivities to be executed, integer, real, boolean, double and string.
(mostly activations of applications); edges, calteahsitions Activities represent the basic units of work for a solution
describe how activities are linked, defining the control floyrocess and they are represented by the nodes of its data
and the data flow path for the process. A predicate expressind control flow graph. They must lastivatedin order to
namedcondition should be associated to a transition. It isccomplish their task.
evaluated to state if a path can be activated or not. TheConditions are predicate evaluated over variables.
patterns supported by SPDL are (the letter refers to Fig. 6): Transitions define how activities are linked together and
they are represented by the edges of the data and control flow
a) SequenceApplications are activated in sequence. Outpwgraph of the solution process. Each transition is linkeduto t
data of an application should be the input data of the neattivities, calledfrom andto activity respectively.

Fig. 6. Solution Patterns

application that must be executed. The from activity is an outgoing edge, thé& activity
b) Parallel Split Conditionsce andcs evaluatetrue and the is an incoming edge. Transitions may be associated to a
applicationsA and B are executed in parallel. condition. A Transition is activated when ifsom Activity

b) SynchronizationThe Sync operator activates the transitionends its execution and if the condition predicate definedton i
tg only after that all the incoming transitions have beeavaluates true. After the activation of a transitiontditsctivity
activated (not necessarily at the same moment). This pattéecomes a candidate for a subsequent activation. Similar to
is used to describe the synchronizatigmir() of two or more workflow languages, to allow the definition of the patterns
execution paths. previously described, different kind of split and join oaters

c¢) Exclusive ChoiceThe operatoiChoice activates transition are defined on activities [1] (e.g., AND splits and AND
to Or transitionts. joins implementing parallel activation and synchroniaatof



activities respectively). handling performance indices in multiformalism multisidm
Few lines from the SPDL solution process of the RAIRnvironments are:

example are listed in Fig. 7. This code belongs to the declara, how to specify the indices to be evaluated on the model

tive section of the SPDL program and refers to the analysis of gnd how to translate them from the user level to the

the GSPNprcr model whose aim is to get the throughput  solvers level;

of the transitionSync. The first part of the listing reported , how to retrieve and combine the results obtained by the

by the figure contains the declaration of the Participant on  execution of more analysis/simulation tools to produce
which a solver able to analyze/simulate GSPN model can be the answer to the user’s request;

invoked. Notice that the location of the node must be specifie , how to present the final results to the user.
The second part of the listing contains the declaration ef th |, the case of the RAID example, the final user want to
Applic_at_ion that must be executed on the Participant. 18 thi,ow the mean response time of read and write operations
case it is thenewSO tool of the GreatSPN package. The (RwMRT). This means that he/she wants to evaluate a measure
definition of the application also specifies the path to belusg, ihe global model that requires to evaluate and combine
to invoke the application. The application needs to know thg) e partial results, as we have explained in the previous
model to analyze (the IN formal parameter) and the namgiions. The user could be able to write the SPDL solution
of a file (the INOUT formal parameter). The third part of)rocess of the model, but he/she could also be interestestin u
the listing is the declaration of an activity that requests t ing a "black box” approach and developing the model by using
execution ofnewSO_..The definition of thg activit.y. specifies predefined Class Models, Bridge Formalisms and Operators.
the AND Join condition and the AND Split condition. More-e/she could be not aware of the different formalisms and
over, the actual parameterSireat/Raid5/GSPNpeGr”™  modeling techniques used to develop the submodels. In this
and ”Great/Raid5/GSPNpggr-net” are provided. They caqe the development of the SPDL program of the solution
are the path of the OsMoSys/DrawNET textual (_jescrlptloFg}oceSS can be automated by means of predefined SPDL
of the GSPNprar model and of the GreatSPN file of thegyeletons and information gathered from the submodels, the
GSPN model respectively. Bridge Formalism and the Bridge Operators, but it is neagssa
that information about the performance indices are aviglab
too, and that proper mechanisms are defined to answer the
<Parigant amom'local ocation=s 127,001 above mentioned questions. The OsMoSys/DrawNET solution
applicationsref ="applset _on_ localhost " /> to this prOblem is based on the concept Cp.fery and the
<fParticipants> development of a set of languages oriented to indices and
results handling, as introduced in the following.

<SolutionProcess  name="Raid">
<ProcessHeader name="Raid"/>
<Participants  nameset ="AllParticipants ">

<Application name=" newso " path="/Great/  newSO "
performer="local">

< FormalParameters >
< FormalParameter name=" modelname " datatype ="var" type="IN" />

A. Queries and Results Definition
< FormalParameter name=" Gfile" datatype ="file" type=" INOUT " />

< pomaparameler  n In order to solve a model, a query document is associated by
Applications the DrawNET tool to the model textual description.cqiery
specifies the performance indices to be evaluated on thelmode

<Activity name="  GspnDEGR " The performance indices mentioned in the query must belong

performer="local" type="normal">

< JoinType type="AND" />
< SplitType type="AND" />
< ActivityApplication name=" newso ">
< ActualParameters >
< ActualParameter name=" modelname " datatype ="var" type="IN"
value="Great/  Raid5/GSPN _DEGR  "/>
< ActualParameter name=" Gfile" datatype ="file" type=" INOUT "
value="Great/  Raid5 /GSPN _DEGR.net ">
</ ActualParameters >
</ ActivityApplication >

to a predefined set of indices that are admissible for the Mode
Meta-Class used to develop the model, i.e. the set depends
on the modeling language to which it is associated and on
the availability of proper solvers in the framework. The set
of admissible indices of a Model Meta-Class is defined by
means of the Results Definition Language (RDL). A RDL
document related to a given Model Meta-Class contains the

<IActivity> correspondences between the elements of the Meta-Class and
the indices that may be calculated.
In Fig. 8 two examples of RDL documents are shown. We
, , remember that the Model Meta-Class of the RAID model is
Fig. 7. SPDL example from the code of the RAID solution preces a Bridge Formalism Bridge — FT — QN — GSPN in the
following) and that the Model Meta-Class &¥#SPNprar
V. PERFORMANCEINDICES AND RESULTSHANDLING and GSPNo is the GSPN formalism expressed by means
The orchestration of solvers makes sense only if perfayf the FDL primitives. The examples in Fig. 8 are related to
mance indices are defined on the model that must be evaluatad.GSPN and th&ridge— FT—QN —GSPN Meta-Classes
The compositional nature of the model and multiformalismespectively.
put the user requests for indices evaluation on a (logieabll In this example, the RDL associated to the GSPN formalism
that can be far from the level of the analysis and simulapecifies some indices belonging to two classes: globatésdi
tion tools used during the solution process. Major concerfi®. they refer to the GSPN model) and indices that are

</SolutionProcess  name="Raid">



<rdl main=" GSPN ">
<elementType name=" GSPN ">
< resultType name="bounded"/>
< resultType name=" islive"/>
<elementType name="Transition">
< resultType name="throughput"/>
< resultType name=" covbytinv "/>

<rdl main=" BridgeFT -QN-GSPN ">
<elementType name=" BridgeFT -QN-GSPN ">
< resultType name=" meanTr "/>
< aggregateType name=" trOnPath ">
< resultType name=" meanValue "/>
< propertyType name=" inputPlace "

default=""type=" elementRef "/>
</ elementType > N "
<elementType name="Place"> < propertyType name=" outputPlace

default=""type=" elementRef "/>

< resultType name="mean"/>

< resultType name=" covbypinv "/>
</ elementType >

< resultType name=" Tinv "/>

< resultType name=" Pinv "/>
</ elementType >

</ aggregateType >
</ elementType >
</rdl>

<mgql rdl="BridgeFT -GSPN -QN.rdl "
main="RAID_MODEL">
<element name="RAID_MODEL"
type="$ ~ BridgeFT -GSPN -QN ">
<aggregate name=" trOnPathOK "
type="  trOnPath ">
<result name=" meanValue "/>
<property name="_ inputNode "
value=" QN _CONTR "/>
<property name=" outputNode "
value=" bridgeGSPN _QNI1.QN_OK "/>
</aggregate>
<aggregate name=" trOnPathDegradated
type="  trOnPath ">

<rsl rdl="bridgeFT -GSPN -QN.rdl ">
<frame base="false" label="atomic">
<element name="RAID_MODEL"
type="  BridgeFT -GSPN -QN ">
<aggregate name=" trOnPathOK "
type="  trOnPath ">
<result format="single"
name=" meanValue ">
<value val="5.44e -04"/>
</result>
</aggregate>
<aggregate name=" trOnPathDegraded
type="  trOnPath ">
<result format="single"

</rdl> <result name=" meanValue "/> name="  meanValue ">
<property name="_ inputNode " <value val="6.64e -04"/>
value=" QN _CONTR "/> </result>
. <property name=" outputNode " </aggregate>

Fig. 8. RDL examples valie=" bridgeGSPN _QN2.QN_DEGR/> <lelement>
</aggregate> </frame>
</element> </1s]>
</mql>

associated to elements of the formalism (i.e. place, tiiansi
arc). The two global indices hamédunded and islive are
used if the boundness and liveness properties of a net must
be checked. The indices associated to transition elements
are namedhroughput and covbytinv, they are used if the
throughput and the presence of a transition in at least one T-
invariant must be evaluated. The indices associated taeplac
elements are nameghean and covbypinv, they are used if

Fig. 9. Query and results document

<mgql rdldef ="GSPN.rdl ">
<element name=" GSPN _DEGR " type="$ GSPN ">
<element name="Sync" type="Transition">

<result name="Throughput">

L. . </element>
the mean of the token distribution and the presence of a place _jjement>
in at least one P-invariant must be evaluated.
The RDL associated to thBridge — FT — QN — GSPN Fig. 10. L1 Query for the Sync throughput

Bridge Formalism uses an Aggregate Element type to specify
the indextrMean. An Aggregate Elemeris used to specify
properties related teubsetof elements of a Model Meta- Having introduced the RDL and MQL languages, we give
Class. trMean in Fig. 8 is associated to the Aggregatan original definition of solver and multisolution.
ElementtrOnPath and must be obtained evaluating interA solveris a functionSol : MQL — RSL that associates a
mediate resultsrfeanValue) over the path containing thesolutionrsi € RSL to a querymgql € MQL.
elements namethput Place and output Place (the operation The solution process of a model issinglesolution process
to perform on them is defined by the Bridge Operator).  if a single solverSol exists that is able to computes! =

A query associated to a (sub)model specifies what indicgsl(mdl) in a single pass, whemadlis the textual definition
must be evaluated on the (sub)model among the ones repoatthe model generated by DrawNET and expressed by means
in the RDL document of the (sub)model Meta-Class. Thef the Modeling Definition Language (MDL). The solution
query needed to request the value of the throughput dByime process of a model is anultisolution process ifrsl =
transitions of thea3SPNprcr and GSPNox submodels is Sol(mdl) is computed by means df singlesolution steps.
shown in Fig.10. The query associated to the RAID model is In general, the following four cases can occur:

on the left of Fig.9. The queries are expressed by means of Flat Model - Explicit Query (FMEQ) : The model does
the Model Query Language (MQL). not contain submodels (it is ftat model), it is expressed

The simple query in Fig.10 is used to request the evaluation py means of a single formalism (that is not a bridge
of an intermediate result. The first line says that the query formalism) and its related que€y requires only the direct
is based on the GSPN.rdl document, the second line says evaluation of performance indices explicitly specified by
that the query is associated to the GSPN model named the query. The query) is said to be amxplicit query.
GSPNpgcr (a model is an element according to the FDL), « Composed Model - Explicit Query (CMEQ): A Bridge
the remaining lines say that the query asks for the evaluatio  Formalism is used to describe the model that consists of
of the throughput of the transitiofiync. more submodels and the quefyis an explicit query.

The query on the left of Fig.9 is used to request the « Flat Model - Implicit Query (FMIQ) : The model is
evaluation of the RWMRT both in théegradedand Ok a flat model but the querg®) must be translated into
cases. The requested measure corresponds tontae1r different queries according to the following translation
index associated to the Aggregate Element defined in the function: Qr(mgqgl) = {mql;}(i = 1,..,n). The query
Bridge — FT — QN — GSPN.rdl document. The query Q is said to be arimplicit query . This case occurs if
specifies theinputPlace and outputPlace elements in the the user is not aware of the solution process required
two cases. to solve the model and/or the intermediate results that



are necessary to evaluate the specified indices do tlé requested results to DrawNET for the presentation.

explicitly refer to elements of the Model Meta-Class

used to develop the model (e.g. the case of Aggregzﬁe

Elements). The introduction of the RDL and MQL languages proposes
« Composed Model - Implicit Query (CMIQ): A Bridge a solution to the problem of specifying the indices to be

Formalism is used to describe the model that consists @faluated on the model and translating them from the user

more submodels and the que® is an implicit query. level to the solvers level. Here we briefly describe how the

The query on the left of Fig.9 is a CMIQ. query are processed and results are collected.

The explicit queries can be processed by enacting the
solution process without generating intermediate queAes
implicit query requires that intermediate queries are gener-
ated to enact the solution process.

The Result Manager (Fig. 5) is the software module in
] charge of automate the processing of the queries and collect

the results produced by the execution of the solution psoces
stancer From the point of view of the solution process and of the

Cj r | workflow engine, the Result Manager is an Application.

At the state of our research a first prototype implementation
of the Result Manager is available. Its architecture cossis

two layers (1 andL2).

L2 layer receives the quely associated to the user’s model
and builds the final results according @, if that be the
case on the basis of the intermediate results provided by the
L1. L2 also performs, if needed, the translation funct@mp.

We remember that information about how to combine the
intermediate results are provided by the Bridge Operatdr an
that they are codified in the solution process.

L1 layer receives the queries to be processed fiag
and collects the intermediate results needed to instentet
submodels. At the end of the solution process it collects
results from the solvers outputs passing them tolthdayer
in the DrawNET format for results, in order to allow their
presentation to the user.

Notice that in simple cases (e.g. the FMEQ) tHelayer is

In order to clarify the interactions among the models theot involved in the solution process.
languages and the associated tools mentioned above, ihFig. Now, we briefly show some experimental results obtained by
the general data flow in the OsMoSys/DrawNET framework solving the RAID model. The testbed architecture consifts o
depicted. DrawNET accesses a models/formalisms data baseHewlett-Packard SMART Array with two disk array local
to retrieve data (in MDL and FDL languages) needed twontrollers. The array was equipped with three SCSI diskis an
build a model. The model, expressed in MDL is submitted single local controller. A Linux node was equipped with the
to the instancer in order to build model objects. The instancnterface controller to the SMART Array box. Caching mech-
receives the model and retrieves the definition of the modmiisms on the local controller and on the interface comroll
classes needed to instantiate the model. The model is thén seere disabled. The stripe length was setted to 8 kbytes and
to Pre-Post processors and it is manipulated accordingeto #il measures refers to 2GByte sequential read/write ojp@asat
solution process, before being dispatched (in submodats e Tab. | resumes some results related to the submodels anel to th
solvable by one solver) to the Adapters. The Adapters convehole model. Times are expressed in milliseconds (mse@. Th
the submodels into the native solver formats and pass théirst column contains the name of the index to be evaluated, th
to the solvers. On the other side, queries (in MQL) generatedcond column contains the value obtained by executing the
by DrawNET or included in the solution process written bgolution process (if any); the third column contains theueal
the SPDLWriter (a Graphical User Interface used to defimeeasured on the real system and the last column contains the
solution processes) are analyzed and transformed by thdtRegercentage variation between the values of the two previous
Manager, which in turn queries adapters and retrievesteesuolumns.
in the RSL format. In order to validate queries and results The Read (Write) OP./Disk indices represent the time
format, a repository (Result Definition Repository) is usedeeded to write a whole stripe on each disk during Read
which contains the definitions of possible results avaddbt a (Write) operations. These values were measured off-line on
certain formalism (in RDL). Finally the Result Manager senda single disk disk in order to provide parameters to instdati

Retrieving Results

SPDLWriter

g!

DrawNET

:

DI

Pre/Post Processors
Data Base

Pre/Post Processors

Fig. 11. OMF data flow
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